Abstract: This paper analyses China's energy consumption and economic growth spillover effects on four world regions: (i) America (North and South); (ii) Europe and Central Asia; (iii) Asia Pacific; and (iv) Africa and the Middle East. An annual aggregated time series by world region, from 1970 to 2016, and an autoregressive distributed lag (ARDL) approach were used. The results are consistent with the feedback hypothesis in the short run. With regard to the long run, feedback is present in America and the Asia Pacific. In Europe and Central Asia and in Africa and the Middle East, the results are consistent with the conservation hypothesis. Additionally, China's spillover effects on the world energy-growth nexus are essentially a long-run phenomenon, with impacts on Europe and Central Asia, Asia Pacific, and Africa and the Middle East. Accordingly, policy-makers should be aware that China's policies may have impact around the world, which indirectly may cause a restriction in economic growth.
Introduction
Over the last few decades, China had the largest growth market for energy, as well as being the second largest consumer of oil and the first primary energy consumer (see Figure 1 ). China's primary energy consumption rose from around 8% of world total primary energy consumption to around 23% from 1990 to 2016. China superseded the United States of America (USA) for the first place in primary energy consumption in 2009, and is still gaining prominence. Currently, energy is an important factor in globalisation. International trade promotes relationships between countries, namely the energy-dependent ones and the energy producers. With the increasing globalisation in energy markets, it is expected that these relationships will develop further throughout the world in the coming years. For instance, the demand for energy will keep growing in emerging economies. Strong growth in Asia will most likely drive increasing energy consumption and, to satisfy this, some oil producers will play a major role by increasing oil supply. On the one hand, China's primary energy consumption is increasing in recent years, while, on the other hand, it is adjusting its economy to a more sustainable growth pattern by changing from coal to clean energy. At the 2015 United Nations Climate Change Conference (COP21) summit in Paris in December 2015, the European Union and 195 more countries agreed to limit carbon dioxide emissions in order to restrict global average temperature increases. This agreement incentivised the decarbonisation of energy markets through the diversification of the primary energy sources, namely by switching from oil and coal to gas, while at the same time promoting the renewable ones. World demand for coal slowed, affected by China's reduced demand, which is projected to grow by less than 2% per year over the next decades, compared with over 6% per year in the past (BP 2017) . This not only reflects China's change in primary energy consumption, but also indicates reduced economic growth. In fact, in 2016, China experienced the slowest rate of energy consumption growth in 20 years.
The facts above, in association with the high and increasing relevance that some players have in the energy markets, may lead to spillover effects on the world energy-growth nexus. Currently, the literature that tries to examine these effects at a world level is scarce. China's case may be especially relevant to trigger interest in the research of spillover effects on the world nexus. With all of this in mind, the following question arises: Is China's changing energy consumption and economic growth causing spillover effects around the world?
This paper aims to study China's spillover effects on the energy-growth nexus, namely China's economic growth and energy consumption impact on the different world regions. While the bulk of the literature usually focuses on the study of the factors that impact on the energy-growth nexus in a given country or group of countries, recent results are consistent with the possibility that some world regions or countries have a greater share of impact on the world nexus, or at least influence the nexus in some regions, given the heterogeneity of results (e.g., Marques et al. 2017b) . This is one of the main reasons to test China's economic growth and energy consumption spillover effects on four world regions. Analysing the spillover effects of some specific countries on the world energy-growth nexus could raise a new perspective for policy-makers, namely in what concerns the development of integrated energy policies. Furthermore, it could make a contribution to the augmented energygrowth nexus literature that currently aims to explain the conflicting results in the literature. Research on countries' spillover effects on the energy-growth nexus in the literature is non-existent. However, spillovers could be most likely expected, given the impacts that countries such as the richest ones, the biggest exporting or importing, and the biggest oil producers and consumers can produce.
To answer the main question, an autoregressive distributed lag (ARDL) approach was followed for a time span from 1970 to 2016, and the short-run and long-run elasticities were estimated. The world was divided into four regions (America; Europa and Central Asia; Asia Pacific; and Africa and the Middle East) and the traditional four testable hypotheses related to the energy-growth nexus were evaluated. Furthermore, China's economic growth and energy consumption spillover effects on the four world regions were analysed both in the short and long run.
The paper evolves as follows: in the next section, there is a brief literature review on energygrowth nexus; in Section 3, data and methodology are shown; the results are presented in Section 4 and discussed in Section 5. Finally, Section 6 encompasses the conclusions. At the 2015 United Nations Climate Change Conference (COP21) summit in Paris in December 2015, the European Union and 195 more countries agreed to limit carbon dioxide emissions in order to restrict global average temperature increases. This agreement incentivised the decarbonisation of energy markets through the diversification of the primary energy sources, namely by switching from oil and coal to gas, while at the same time promoting the renewable ones. World demand for coal slowed, affected by China's reduced demand, which is projected to grow by less than 2% per year over the next decades, compared with over 6% per year in the past (BP 2017). This not only reflects China's change in primary energy consumption, but also indicates reduced economic growth. In fact, in 2016, China experienced the slowest rate of energy consumption growth in 20 years.
This paper aims to study China's spillover effects on the energy-growth nexus, namely China's economic growth and energy consumption impact on the different world regions. While the bulk of the literature usually focuses on the study of the factors that impact on the energy-growth nexus in a given country or group of countries, recent results are consistent with the possibility that some world regions or countries have a greater share of impact on the world nexus, or at least influence the nexus in some regions, given the heterogeneity of results (e.g., Marques et al. 2017b) . This is one of the main reasons to test China's economic growth and energy consumption spillover effects on four world regions. Analysing the spillover effects of some specific countries on the world energy-growth nexus could raise a new perspective for policy-makers, namely in what concerns the development of integrated energy policies. Furthermore, it could make a contribution to the augmented energy-growth nexus literature that currently aims to explain the conflicting results in the literature. Research on countries' spillover effects on the energy-growth nexus in the literature is non-existent. However, spillovers could be most likely expected, given the impacts that countries such as the richest ones, the biggest exporting or importing, and the biggest oil producers and consumers can produce.
To answer the main question, an autoregressive distributed lag (ARDL) approach was followed for a time span from 1970 to 2016, and the short-run and long-run elasticities were estimated. The world was divided into four regions (America; Europa and Central Asia; Asia Pacific; and Africa and the Middle East) and the traditional four testable hypotheses related to the energy-growth nexus were evaluated. Furthermore, China's economic growth and energy consumption spillover effects on the four world regions were analysed both in the short and long run. The paper evolves as follows: in the next section, there is a brief literature review on energy-growth nexus; in Section 3, data and methodology are shown; the results are presented in Section 4 and discussed in Section 5. Finally, Section 6 encompasses the conclusions.
Literature Review
The research regarding the relationship between energy consumption and economic growth started when Kraft and Kraft (1978) examined this causality relationship for the United States of America (USA) and found that an increase in gross national product (GNP) caused an increase in energy consumption from 1947 to 1974. Two years later, Akarca and Long (1980) pointed out that the results of Kraft and Kraft (1978) were spurious, by changing the time period by two years. It was the onset of a lack of consensus on the energy consumption and economic growth nexus literature that lasts until the present day. Research on the nexus evolved around the examination of Granger causality between energy and growth (and vice versa), leading to four testable relationships that imply very different energy policy approaches by policy-makers: (i) the neutrality hypothesis, where no relationships between energy and growth are found (e.g., Ahmed and Azam 2016; Glasure and Lee 1998) ; (ii) the feedback hypothesis, where there is bidirectional causality between energy and growth (e.g., Mohammadi and Parvaresh 2014; Saidi et al. 2017; Streimikiene and Kasperowicz 2016) ; (iii) the conservation hypothesis, which asserts that there is unidirectional causality running from economic growth to energy consumption (e.g., Ahmed et al. 2015; Alshehry and Belloumi 2015; Islam et al. 2013) ; and (iv) the growth hypothesis, which asserts that there is causality running from energy consumption to economic growth (e.g., Ahmed and Azam 2016; Narayan and Popp 2012; Wang et al. 2016) .
For decades, the energy-growth nexus received considerable attention (e.g., Akarca and Long 1980; Lee and Chang 2007; Wang et al. 2016; Yu and Jin 1992) , focusing on dividing the research into single-country and multi-country studies, leading to a mix of results. For example, Wang et al. (2011) found unidirectional causality running from energy consumption to economic growth for China between 1972 and 2006. However, Wang et al. (2016) found bidirectional causality between energy consumption and economic growth for China between 1990 and 2012. Regarding the multi-country studies, it is also possible to find discordant results. Omri and Kahouli (2014) found the presence of bidirectional causality between energy and growth for a panel of high-income countries, while Ahmed and Azam (2016) , by studying 24 high-income Organisation for Economic Co-operation and Development (OECD) countries, found bidirectional causality only in five countries, whereby evidence of the impacts running from energy to economic growth was found for four, and no relationships between energy and economic growth were found for 15 countries, respectively. Different methodologies, data, and periods of study are the most advocated causes for heterogeneous results. However, these results reveal that income level may not be directly related to the causality direction in every situation. Furthermore, the use of different methodologies, data, and periods may not be the major causes of heterogeneous results, given that Marques et al. (2017b) , when analysing the energy-growth nexus in four comparable world regions, concluded that there were also heterogeneous results. Four generations of methodologies can be identified (e.g., Mehrara 2007): (i) studies based on Vector Autoregression (VAR) methodology (e.g., Sims 1972) and Granger causality, assuming stationarity (e.g., Kraft and Kraft 1978; Yu and Hwang 1984) ; (ii) studies based on non-stationary series and the Granger (1988) cointegration theory, using an error correction model to test for causality (e.g., Cheng and Lai 1997; Glasure and Lee 1998) ; (iii) studies using multivariate estimators with more than two variables in the cointegration relationship (e.g., Oh and Lee 2004; Saidi et al. 2017) ; and (iv) studies based on panel cointegration and panel error correction models (e.g., Mohammadi and Parvaresh 2014; Streimikiene and Kasperowicz 2016) .
The nexus research advanced in order to solve new issues that arise, as well as to pursue the causes of the contradictory results, leading to the development of a growing number of articles and the use of different approaches. Research on the energy-growth nexus was extended by including variables such as financial development, population, urbanisation, industrialisation, CO 2 emission, and trade openness, among others. For example, Shahbaz and Lean (2012) found that financial development, economic growth, industrialisation, and urbanisation increase energy consumption for the Tunisian economy. Islam et al. (2013) results suggest that energy consumption is influenced by economic growth, financial development, and population level for Malaysia. Mirza and Kanwal (2017) found bidirectional causality between energy consumption, economic growth, and CO 2 emissions for Pakistan. Recently, globalisation caught researchers' attention. Bidirectional causality between energy consumption and economic growth, energy consumption and trade openness, and economic growth and trade openness was found by Shahbaz et al. (2013) in Indonesia. Marques et al. (2017a) examined the relationships between energy consumption, economic growth, and globalisation for 43 countries and found that globalisation drives both energy consumption and economic growth.
Taking into consideration that globalisation has impacts on the energy-growth nexus, and given that energy markets are becoming increasingly integrated, the study of some countries' spillover effects on the world nexus may not only have relevance, but also lead to a new perspective for policy-makers. Research on spillover effects is far from new in the literature (e.g., Koesler et al. 2016; Mensi et al. 2016; Zhang 2017) . However, spillover effect research is absent concerning the world energy-growth nexus.
Data and Methodology
The paper focuses on the study of the effects of China's economic growth and energy consumption on the energy-growth nexus in four regions: (i) America (North and South); (ii) Europe and Central Asia; (iii) Asia Pacific; and (iv) Africa and the Middle East. The data comprise annual observations from 1970 to 2016. Gross domestic product (Y) and primary energy consumption (E) were extracted from the World Bank's Development Indicators and the BP Statistical Review of World Energy, respectively. Y is measured in constant 2010 dollars and E is measured in tonnes of oil equivalent. The use of homogeneous variables is required to meet the goals of applying the same methodology to different regions. In consequence, the data were regrouped to make the variables compatible allowing their comparability. The prefix "L" denotes the natural logarithm, and "D" denotes the first difference of variables. Note that the use of the first difference of a log is equal to a growth rate. EViews 10 econometric software was used. Summary statistics are presented in Table 1 . To define the best approach to the study of the dynamics between energy consumption and economic growth and China's economic growth and energy consumption, the variables' order of integration was analysed. Let "YCHN" denote China's gross domestic product and "ECHN" denote China's energy consumption. First of all, a graphical analysis of the level variables and their first differences was conducted (see Figure 2) . Secondly, the variables' correlograms were examined (not shown to preserve space). Finally, the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests (see Table 2 ) and a modified Dickey-Fuller (MDF) unit root test were performed (see Table 3 ). The MDF test follows Perron (1989) and makes it possible to test for the unit root in the presence of a single break date in intercept, trend, or both intercept and trend.
For China, the behaviour shown in Figure 2 is consistent with the possible presence of structural breaks, namely in years 1980, 2000, and 2008 . It should be noted that the use of unit root tests with multiple structural breaks was also an option, such as in Gómez et al. (2018) . However, we followed a restricted approach given the need to assure that there are enough observations on both sides of the break parameter. Furthermore, if the correlograms and ADF, PP, KPSS, and MDF tests are consistent, there must be robustness in the results. Notes: Trend specification/break specification: (1) trend and intercept/trend and intercept; (2) trend and intercept/trend only; (3) trend and intercept/intercept only; (4) intercept only/intercept only. *** and ** denote statistical significance at the 1% and 5% levels, respectively.
The variables' behaviour suggests that they are I(1). The correlograms are consistent with the behaviour observed in Figure 2 by supporting that the variables are I(1). Additionally, the ADF, PP, and KPSS tests provide additional information on each variable's order of integration. Further, the MDF test was performed, providing some information regarding the presence of structural breaks.
The ADF, PP, and KPSS tests raise doubts regarding some variables' integration order, such as Asia Pacific growth or Africa and the Middle East energy consumption. Given that some variables may not be I(1) but only near I(1), the ARDL methodology emerges as one of the best choices to cope with variables with possibly different integration orders. The MDF test confirms that all variables are at most I(1), as expected. Additionally, it reveals that the 1980 energy crisis, together with the 2008 financial crisis, had impacts in all regions of the world. For those reasons, the ARDL methodology was followed.
The ARDL methodology allows the analyses of both the short-run and the long-run energy-growth nexus. The use of the ARDL approach is far from new in the energy-growth nexus literature (e.g., Farhani and Ozturk 2015; Mirza and Kanwal 2017; Shahbaz et al. 2016) . The ARDL methodology has the following advantages: (i) allowing work upon all variables with an integration order lower than two; (ii) permitting robust results to be obtained by correcting outliers and structural breaks; and (iii) allowing the estimation of the long-run elasticities. As noted by Pesaran and Shin (1999) , the ARDL approach ensures more consistent results in the case of small samples. Furthermore, the asymptotic theory in the ARDL bounds test approach is not affected by the inclusion of dummy variables (Pesaran et al. 2001) . Furthermore, the bounds test allows concluding cointegration among variables even with dummies. It is worthwhile to note that, although the ARDL approach ensures consistent results, the coefficients could be biased in finite samples and, thus, magnified in the calculation of long-run effects (Reed and Zhu 2017) . The basic form of an ARDL regression could be represented as follows:
where Y is the explained variable, X the explanatory variable, t is the trend variable, ε 4t is the error term, and k represents the number of lags. If the variables are cointegrated, the ARDL can be transformed into an unrestricted error correction model (UECM) in its equivalent ARDL bounds test form as follows:
where ε 5t denotes the error term. The equivalent general UECM with DLY, DLE, DLYCHN, and DLECHN in its equivalent ARDL bounds test form is as follows:
where k represents the number of lags defined by empirical knowledge of the variables, and µ represents the error terms assumed to be white noise and normally distributed. The expected signs of parameters are α 0 0, α 1 0, α 2i 0, α 3i 0, α 4i 0, α 5i 0, α 6 < 0, α 7 > 0, α 8 0, and α 9 0. The parameters α 2i , α 3i , α 4i , and α 5i explain the short-run dynamic coefficients, while α 6 , α 7 , α 8 , and α 9 explain the long-run multipliers. On the one hand, a negative α 6 is expected because it would be consistent with the presence of cointegration. On the other hand, a positive α 7 is expected, given that a negative coefficient would be consistent with a world curse hypothesis where energy consumption most likely leads to less economic growth, which is highly unlikely.
where the expected signs of parameters are β 0 0, β 1 0, β 2i 0, β 3i 0, β 4i 0, β 5i 0, β 6 < 0, β 7 > 0, β 8 0, and β 9 0. The parameters β 2i , β 3i , β 4i , and β 5i explain the short-run dynamic coefficients, while β 6 , β 7 , β 8 , and β 9 explain the long-run multipliers. β 6 is expected to be negative, revealing consistence with the presence of cointegration, and β 7 is expected to be positive, because world economic growth most likely drives the development of productive and non-productive activities, increasing energy consumption.
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To identify the structural breaks that need to be controlled, once more the four-method approach was followed: (i) visual inspection of the model's residuals; (ii) inspection of the Cumulative Sum (CUSUM) and CUSUM of squares tests; (iii) the Quandt-Andrews breakpoint (see Andrews 1993; Andrews and Ploberger 1994) and Bai-Perron multiple breakpoint test (see Bai and Perron 1998; Bai and Perron 2003) ; and (iv) the Chow breakpoint test. The validity of the models was evaluated through a battery of diagnostic tests: (i) Jarque-Bera normality test; (ii) Breusch-Godfrey serial correlation Lagrange Multiplies (LM) test; (iii) Autoregressive Conditional Heteroskedasticity (ARCH) test for heteroskedasticity; and (iv) Ramsey Regression Equation Specification Error Test (RESET) test for model specification.
Finally, the Granger causality among the variables was evaluated following the Toda and Yamamoto (1995) procedure. To do so, a vector autoregression (VAR) framework was estimated. The maximum lag length was determined by the Akaike and Schwarz information criterions, and the models surpassed all the relevant diagnostic tests revealing no serial correlation, normality, and no heteroskedasticity in the residuals.
Results
In order to perform the ARDL models, the EViews 10 software was used with lag lengths selected base on the Akaike information selection criterion. We consider k = 1 as the maximum lag length. We work with annual data and there is increased interest to keep only the first-year differences in the short-run analysis. Furthermore, k = 1 allows us to avoid any possible problem with the loss of degrees of freedom, and it was revealed to be sufficient to lead to serially uncorrelated errors (see Table 4 ). The following models were estimated following Equation (3): (i) A-Y, in the case of America; (ii) ECA-Y, for Europe and Central Asia; (iii) AP-Y, for the Asia Pacific; and (iv) AME-Y, for Africa and the Middle East. Similarly, Equation (4) led to the following models: (i) A-E, for America; (ii) ECA-E, for Europe and Central Asia; (iii) AP-E, for the Asia Pacific; and (iv) AME-E, Africa and the Middle East. A first assessment on the model's structural breaks was made by examining the model's residuals (see Figure 3 ) and CUSUM and CUSUM of squares tests (not shown to preserve space).
The model's residuals are consistent with the presence of structural breaks. Before the breakpoint tests, the CUSUM and CUSUM of squares confirmed the existence of structural breaks. The presence of structural breaks was evident in the models' stability. In accordance with the information revealed by the MDF unit root test, the 1980 oil glut and 2008 great recession impacts were observed across different regions (see Table 5 ).
Due to the previous lag selection and software limitations, it was not possible to run the Quandt-Andrews and Bai-Perron breakpoint test for the A-Y, AP-E, and AME-Y models. For these cases, there is raised interest in performing the Chow breakpoint test (see Table 6 ). The model's residuals are consistent with the presence of structural breaks. Before the breakpoint tests, the CUSUM and CUSUM of squares confirmed the existence of structural breaks. The presence of structural breaks was evident in the models' stability. In accordance with the information revealed by the MDF unit root test, the 1980 oil glut and 2008 great recession impacts were observed across different regions (see Table 5 ). It was not possible to carry out the Chow breakpoint test at the beginning of the series. Moreover, the Chow breakpoint test was not used to confirm the possible breaks arising from the 2008 financial crisis because, closer to the end of the series, the robustness of the test decreases. For both cases, some shift dummies were tested for their adequacy in the models, taking the models' residuals and the statistical significance of the dummies as a guide. The Chow breakpoint test was used to test for structural breaks arising from the 1980 energy crisis and 1990 oil price shock, revealing that the Asia Pacific and Africa and the Middle East experienced impacts in both periods. Additionally, the period of 1990 should also be analysed for the Europe and Central Asia aggregate.
Taking into account all the collected information on possible structural breaks, the shift dummies for those periods were tested. The non-statistically significant variables were removed. Additionally, there was a need to control some outliers with impulse dummies. The models were kept as narrow as possible. The residuals of the corrected models (see Figure 4) show greater stability compared to Figure 3 . Additionally, it is possible to observe no implication on the residuals for the fitted models. The results of the ARDL models are shown in Table 7 .
The error correction mechanism (ECM) coefficients were negatively and statistically significant, which is consistent with the presence of cointegration. It should be said that the model ECA-E only revealed statistical significance at the 10% level. Notwithstanding, the presence of cointegration was assessed by the ARDL bounds test. 
Time Dummies
Europe and Central Asia
Africa and Middle East
.034 ** Notes: SD means shift dummy and ID means impulse dummy. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
With regard to the structural breaks, for the America case, impacts were observed from the second oil shock (1979) and the 1987 stock market crash. For Europe and Central Asia, impacts were observed for the 2008 financial crisis by causing a decrease in both economic growth and energy consumption. Furthermore, the year of 1990 revealed no need for a shift dummy, but 1994 needed to be controlled with an impulse dummy. Asia Pacific needed to be controlled for the second oil shock (1979 onwards) and the years of 1975 and 2009. In Africa and the Middle East, impacts on the nexus from the first and second oil shocks were also observed. Additionally, Africa and the Middle East needed to be controlled for several disturbances in the nexus which were revealed in the model's residuals and controlled by using impulse dummies.
The models revealed normally distributed errors, no serial correlation in the residuals, and no autoregressive conditional heteroskedasticity (see Table 4 ), with statistical significance at the 5% level. Additionally, the possibility of serial correlation in the A-E, ECA-Y, AP-Y, and AP-E models was analysed in detail using the correlograms. No statistically significant autocorrelation was revealed. To confirm the presence of cointegration, the ARDL bounds test was performed (see Table 8 ). 
A-Y
A-E ECA-Y ECA-E AP-Y AP-E AME-Y AME-E F-statistic 5.662 *** 7.162 *** 10.890 *** 12.217 *** 7.822 *** 9.207 *** 20.897 *** 20.965 *** Notes: k = 3, where k represents the number of independent variables in the equation estimated. Critical values were obtained from Pesaran et al. (2001) . Critical values for no intercept and no trend for the bottom and top are, respectively, 3.42 and 4.84, for 1%; 2.45 and 3.63, for 5%; and 2.01 and 3.10, for 10%. Critical values for unrestricted intercept and no trend for the bottom and top are, respectively, 4.29 and 5.61, for 1%; 3.23 and 4.35, for 5%; and 2.72 and 3.77, for 10%. Critical values for unrestricted intercept and restricted trend for the bottom and top are, respectively, 4.3 and 5.23, for 1%; 3.38 and 4.23, for 5%; and 2.97 and 3.74, for 10%. *** denotes statistical significance at the 1% level.
All the models revealed the presence of cointegration at the 1% significance level. To examine the impacts of China's energy consumption and economic growth on the four aggregates, the short-run and the long-run elasticities were examined (see Table 9 ). Table 9 . Short-run and long-run elasticities.
A-E ECA-Y ECA-E AP-Y AP-E AME-Y AME-E Notes: ***, **, and * denotes statistical significance at the 1%, 5%, and 10% levels, respectively.
Short-run
Some short-run elasticities were not shown given that, in the model optimization, the lagged variables were removed due to their statistical non-significance. The relationships between the variables were only considered for those with elasticities statistically significant at the 5% level, at least. In the short run, the elasticities are consistent with a bidirectional causality between energy consumption and economic growth, while, in the long run, most likely, there is bidirectional causality for the America and Europe and Central Asia aggregates. For the Asia Pacific and Africa and the Middle East aggregates, the results show that economic growth has positive impacts on energy consumption.
With regard to China's energy consumption, it was observed that it only has a positive impact for Europe and Central Asia in terms of energy consumption, in the short run. In the long run, an increase in China's energy consumption would promote economic growth in Europe and Central Asia, Asia Pacific, and Africa and the Middle East, while hurting economic growth in Asia Pacific. China's increasing economic growth would lead to energy consumption in Africa and the Middle East, while negatively affecting economic growth, in the short run. In the long run, economic growth in China most likely would increase economic growth in Europe and Central Asia. The same would be seen in the Asia Pacific. However, it can also be observed that, while China's economic growth hurts energy consumption in Europe and Central Asia, it promotes economic growth in Africa and the Middle East.
To confirm the presence of causal relationships between the variables, the Toda and Yamamoto (1995) procedure was followed. The results are shown in Table 10 .
Overall, the Toda and Yamamoto (1995) procedure results were consistent with those found in the ARDL elasticities. Bidirectional causality between energy consumption and economic growth was found for the Americas, Europe and Central Asia, and Africa and the Middle East. In Asia Pacific, a unidirectional causality running from economic growth to energy consumption was found. China's economic growth causes energy consumption in Europe and Central Asia, as well as economic growth in the Asia Pacific. China's energy consumption causes both energy consumption and economic growth for the Americas, Europe and Central Asia, and the Asia Pacific, as well as energy consumption in Africa and the Middle East. It should be said that, despite causality being found between China's energy consumption and both energy consumption and economic growth for the Americas, their elasticities revealed no statistical significance. These results are discussed in the next section. 
Discussion
The paper's main goal was to contribute to the analysis of China's economic growth and energy consumption spillover effects on the world nexus, which is non-existent in the literature. Energy consumption plays an important role in determining economic development. Energy is not only used in production, but is also consumed as an output for increasing welfare. It is one of the key factors that directly or indirectly determines the production structures of countries, competitiveness in international markets, budget balances, current account deficits, and economic growth rates (Esen and Bayrak 2017) . In turn, the energy markets are often affected by supply, demand, imports, exports, financial speculation, and major changes in global oil supplies, among others. Accordingly, not only are relationships between energy consumption and economic growth expected to impact on the energy-growth nexus all over the world, but they would also change in a major oil consumer such as China. For these reasons, any research into the impact of China's economic growth and energy consumption on the world nexus can make a significant contribution, enabling policy-makers to understand the extent to which China's policies affect other countries, as they seek to achieve sustainable world growth and joint energy policies.
The use of the ARDL bounds test approach proved to be of particular interest given the presence of cointegration. On the one hand, by following the ARDL methodology, it was possible to examine both the short-run and the long-run effects of China's economic growth and energy consumption on four aggregates (America; Europe and Central Asia; Pacific Asia; Africa and the Middle East). On the other hand, it makes it possible to compare the results with those obtained by Marques et al. (2017b) , and, by being concordant, confirms the model's robustness. The results are not only consistent with the short-run and the long-run energy-growth nexus found by Marques et al. (2017b) , but are also consistent in their historical impacts, namely in the 1980 oil crisis and 2008 great recession.
Using the ARDL bounds test approach, with annual time series data from 1970 to 2016, the observed results agreed with the traditional feedback hypothesis on the energy-growth nexus across the world, in the short run. Additionally, feedback was observed for America, and Europe and Central Asia, in the long run. In the Asia Pacific, and Africa and the Middle East, the results were consistent with the growth hypothesis. The breakpoint tests revealed the existence of instability in the models. Despite this, a parsimonious approach led to the introduction of a reduced number of dummies. It should be said that, for the Asia Pacific aggregate, fewer periods needed to be controlled, most likely because China was removed from the aggregate.
When regarding the spillover effects of China's economic growth and energy consumption on the world nexus (see Figure 5) , only the America aggregate seems to be immune to any impacts. The United States (US) is the weightiest country in the America aggregate, and a Chinese economic slowdown may represent a decrease in US exports and, consequently, an increasing deficit in the balance of trade. However, this effect is most likely counteracted by a decrease in oil prices, given that a Chinese economic slowdown leads to a reduction in energy consumption, which most likely leads to an oil price reduction due to the increased supply. These joint effects probably explain the immunity seen in the America aggregate. However, a disaggregated analysis is advisable. By analysing country by country, not only will it be possible to analyse immunity to the possible energy-growth spillovers in each country, but it will also allow a more in-depth analysis in the US. The spillovers are essentially a long-run phenomenon, most likely impacting the aggregates' nexus over several years, given the slow speed of adjustment to the long-run equilibrium. Overall, the results make us aware that China's increased growth and energy consumption may have some negative impacts on energy consumption in Europe, Central Asia, and the Asia, and it may even affect African and Middle Eastern growth. Given that this is the first assessment of China's impacts on the world nexus, further detailed research is advisable to fully understand the impacts, especially the negative ones. This research should most likely be extended to other groups, such as the top oil producers or top oil consumers.
When regarding the spillover effects of China's economic growth and energy consumption on the world nexus (see Figure 5) , only the America aggregate seems to be immune to any impacts. The United States (US) is the weightiest country in the America aggregate, and a Chinese economic slowdown may represent a decrease in US exports and, consequently, an increasing deficit in the balance of trade. However, this effect is most likely counteracted by a decrease in oil prices, given that a Chinese economic slowdown leads to a reduction in energy consumption, which most likely leads to an oil price reduction due to the increased supply. These joint effects probably explain the immunity seen in the America aggregate. However, a disaggregated analysis is advisable. By analysing country by country, not only will it be possible to analyse immunity to the possible energygrowth spillovers in each country, but it will also allow a more in-depth analysis in the US. The spillovers are essentially a long-run phenomenon, most likely impacting the aggregates' nexus over several years, given the slow speed of adjustment to the long-run equilibrium. Overall, the results make us aware that China's increased growth and energy consumption may have some negative impacts on energy consumption in Europe, Central Asia, and the Asia, and it may even affect African and Middle Eastern growth. Given that this is the first assessment of China's impacts on the world nexus, further detailed research is advisable to fully understand the impacts, especially the negative ones. This research should most likely be extended to other groups, such as the top oil producers or top oil consumers. In the end, a group of countries may have the power to create a world recession, for example, China's primary energy suppliers. On the one hand, by creating internal reserves management policies, China will withdraw supremacy over primary energy producers because China has energy import dependence, and if for some reason China's energy consumption and economic growth are restricted, that will most likely impact the world nexus and, consequently, influence development. In the end, a group of countries may have the power to create a world recession, for example, China's primary energy suppliers. On the one hand, by creating internal reserves management policies, China will withdraw supremacy over primary energy producers because China has energy import dependence, and if for some reason China's energy consumption and economic growth are restricted, that will most likely impact the world nexus and, consequently, influence development. On the other hand, China's policy-makers should be aware that their decisions have world impacts, and every country should take into account China's impact on their policies, namely countries from Europe and Central Asia and Africa and the Middle East, who can experience negative impacts from China's policies, as stated earlier.
To cope with this, agreements must be reached that contribute to economic stability and help Europe and Central Asia to counteract any possible negative impacts.
Our results support the International Energy Agency-IEA (2017) statements which assert that China's choices will play a huge role in determining global trends. This should have special importance for Europe and Central Asia where policy-makers most likely need to ensure that energy consumption is not reduced by China's economic growth by promoting the economies' independence in terms of energy consumption. For example, an increasingly renewable energy path is advisable to promote energy security. It will not only help make the economies less dependent on oil imports, but it is also compatible with some global goals such as the 2030 Sustainable Development agenda or the Paris Agreement. Furthermore, the increasing development of renewables in Europe and Central Asia will promote an economic diversification that will help make the economies more responsive to shocks by improving the adjustment speed of the energy-growth nexus. The slow speed of adjustment of the energy-growth nexus is evident in the entire research.
Furthermore, from an energy security point of view, diversification should be promoted in countries such as China and India, countries that are going to be increasingly import-dependent over the next few decades. The results also assist policy-makers by revealing that restrictive energy policies are discouraged for America, and Europe and Central Asia, because they will most likely hamper economic growth. Oppositely, in Africa and the Middle East, energy exports will likely be the path to follow given that these are compatible with China's energy consumption and also to protect against a possible effect of the "natural resources curse", where an excess of energy resources constrains economic growth.
Conclusions
The impact of China's energy consumption and economic growth on the energy-growth nexus was analysed in four world regions: America; Europe and Central Asia; Pacific Asia; and Africa and the Middle East. By using an ARDL approach, with annual time series data from 1970 to 2016, behaviours were analysed both in the short run and long run. The results reveal that China's spillover effect is essentially a long-run phenomenon, and only America was not affected by China's economic growth or increased energy consumption.
The results highlight that, in the long run, China's growth will most likely reduce Europe's and Central Asia's energy consumption, which indirectly may cause a restriction in economic growth. Moreover, African and Middle Eastern growth may be hampered by China's growth. The energy-growth nexus in the studied world regions supports the creation of integrated energy policies, namely for America and for Europe and Central Asia. On the one hand, America is the only region where no spillover effect from China was verified, and this fact can be seen as an incentive to develop independent policies. On the other hand, both America and Europe and Central Asia have similar nexus behaviours; thus, no restrictive energy policies should be followed because they are likely to hamper economic growth, and their effects may persist for years.
The results support the fact that countries should not be indifferent to the policies that China may follow, particularly for Europe and Central Asia where energy growth will most likely be reduced by China's growth. Policy-makers should be aware that China's policies may impact around the world, which indirectly may cause a restriction in economic growth. Additionally, African and Middle Eastern growth seems to be negatively influenced by China's growth. For this reason, to devise policies jointly is advisable. Europe and Central Asia must ensure that energy consumption is not reduced by China's economic growth, while Africa and the Middle East most likely need to maintain or promote energy exports. Taking this into account, the results support the development of integrated energy polices. Moreover, for those countries that will play a dominant role in energy markets, it should be important to create blocs to ensure that no country negatively influences the market. Additionally, economic diversification is widely recommended.
In the future, it is advisable to disaggregate the analysis through single-country studies, namely for countries in the America aggregate where neutrality was found, for example, just analysing the spillover effects on the US. What is more, it is increasingly important to understand the spillover effects of other regions or countries on the world energy-growth nexus, namely those with either high shares of world gross domestic product (GDP), the biggest exporting or importing, or the top oil producers and consumers. 
